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FULWLFDOYDOXHWKHVHOIH[FLWHGYLEUDWLRQRFFXUV $JDSLRX HWDO LQYHVWLJDWHGWKHXVHRIRSWLPDOPDWHULDOVDQG
JHRPHWULHV ZKLFK RIWHQ LV WKH SUHIHUUHG DSSURDFK WR HQKDQFH WKH VWDELOLW\ RI ERULQJ EDUV DQG FDQWLOHYHU WRROV ,W
UHVXOWHGLQWKHOLJKWZHLJKWGHVLJQRIWKHRYHUKDQJVHJPHQWDWWKHHQGRIWKHWRROZKLFKKROGVWKHWRROELWRULQVHUWWR
LQFUHDVH WKH QDWXUDO IUHTXHQF\ RI WKH FXWWLQJ SRLQW 7DWLDQD 6PLUQRYD 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7RRO KROGHU DORQJ ZLWK WKH LQVHUW DQG VLP ZDV PRGHOHG DQG DQDO\]HG XVLQJ $QV\V VRIWZDUH WR GHWHUPLQH WKH
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SLHFH$SRLQW ORDGRI1ZDVDSSOLHGDW WKH WLSRI WKH WRROKROGHU LQYHUWLFDOGLUHFWLRQ7KHVWDWLFDQDO\VLV ZDV
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RYHUKDQJLQJOHQJWKRIPP DV SUHVHQWHGLQ )LJXUH














0RGDO DQDO\VLV LV WKH ILHOG RI PHDVXULQJ DQG DQDO\]LQJ WKH G\QDPLF UHVSRQVH RI VWUXFWXUHV DQG IOXLGV ZKHQ
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)LJXUH +DUPRQLFDQDO\VLVDWPPRYHUKDQJ D ZLWK GDPSHU E ZLWKRXW GDPSHU
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)DVW )RXULHU 7UDQVIRUP ))7 DQDO\]HU UHFHLYHV DQDORJ YROWDJH VLJQDOV UHSUHVHQWLQJ GLVSODFHPHQW YHORFLW\
DFFHOHUDWLRQ VWUDLQ RU IRUFH IURP D VLJQDO FRQGLWLRQLQJ DPSOLILHU ILOWHU DQG GLJLWL]HU IRU FRPSXWDWLRQV 7KH
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DQDO\]HGVLJQDOVFDQEHXVHGWRILQGWKHQDWXUDOIUHTXHQFLHVGDPSLQJUDWLRVDQGPRGHVKDSHVHLWKHULQQXPHULFDORU
JUDSKLFDOIRUP 7KHH[SHULPHQWDOVHWXSLVVKRZQLQ )LJ  D
))7 DQDO\VLVZDV SHUIRUPHG RQ WKH ERULQJ WRRO KROGHU 673&/15/ XVLQJ WKH LPSDFW KDPPHU WHVW 7KH
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E
)LJXUH D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)LJXUH 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 5HVXOWVDQG GLVFXVVLRQ
7RRO+ROGHUZDVSRVLWLRQHGLQGLIIHUHQWRYHUKDQJPPPPPPDQGPPUHVSHFWLYHO\)LQLWH(OHPHQW
$QDO\VLV RI WKH 7RRO VKDQN ZDV SHUIRUPHG XVLQJ $16<6 VRIWZDUH %DVHG RQ FRPSXWDWLRQDO PHWKRG GHIOHFWLRQ














)URP WKH DQDO\VLV LW ZDV REVHUYHG WKDW WKH GHIOHFWLRQ LQFUHDVHV DQG IUHTXHQF\ GHFUHDVHV ZLWK LQFUHDVH LQ WRRO
RYHUKDQJ 7RRO ZLWK  PP RYHUKDQJ OHQJWK ZDV FRQVLGHUHG WR EH WKH RSWLPXP VLQFH LW KDV PLQLPXP WRRO
GHIOHFWLRQ DQG DOVR LW VDWLVILHV H[SHULPHQWDO FULWHULD %DVHG RQ WKH FRPSXWDWLRQDO DQDO\VLV LW ZDV REVHUYHG WKDW
PD[LPXPGHIOHFWLRQ DQG IUHTXHQF\ IRU WRRO RYHUKDQJZLWKPPRYHUKDQJZDV IRXQG WREHPPDQG
 +]UHVSHFWLYHO\%DVHGRQWKHWKHRUHWLFDOLWZDVREVHUYHGWKDWWKHPD[LPXP GHIOHFWLRQIRUPPRYHUKDQJ
SRVLWLRQZDV IRXQG WREHPP8VLQJ,PSDFW+DPPHU WHVW LWZDV IRXQG WKDW WKHQDWXUDO IUHTXHQF\RI WKH WRRO
ZLWKPPRYHUKDQJOHQJWKZDV +]6LQFHWKHFRPSXWDWLRQDOUHVXOWVFRUUHVSRQGVZHOOZLWKWKHWKHRUHWLFDODQG
H[SHULPHQWDO GDWD LW LV LQIHUUHG WKDW IRU:LGD[ WRRO KROGHU RI 67 3&/15/ VSHFLILFDWLRQ DQ RYHUKDQJLQJ
OHQJWKRI PPZDVFRQVLGHUHG WREH WKHRSWLPXPSRVLWLRQZKLFK OHDGV WR WKH UHGXFWLRQ LQ WRROYLEUDWLRQDQG
LPSURYHPHQWLQ4XDOLW\RIWKHILQLVKHGSURGXFWDQGWRROOLIH





FXWWLQJ IRUFH DUH JLYHQ DV IRUFH FRQVWUDLQWV DORQJ ZLWK IL[HG ERXQGDU\ FRQGLWLRQV 7KH UHVXOWV REWDLQHG IURP
FRPSXWDWLRQDOPHWKRGV UHDVRQDEO\H[SODLQHDFKRWKHU7KH UHVSRQVH VKRZHG LQFUHDVLQJ IUHTXHQF\DQGGHFUHDVLQJ
GDPSLQJ UDWLRDV WKHDPSOLWXGHGHFUHDVHG ZKLFKSUHYHQWV UHVRQDQFHFRQGLWLRQDQGKHQFH UHGXFHVYLEUDWLRQ LQ WKH
WRRO ,WZDVREVHUYHG WKDW XVLQJGDPSHU WRROYLEUDWLRQKDVEHHQUHGXFHGDQGFXWWLQJSHUIRUPDQFHFDQEH LPSURYHG
HIIHFWLYHO\7KHERULQJWRRO¶VG\QDPLFFKDUDFWHULVWLFVRQWRROYLEUDWLRQZHUHGLIIHUHQWIRUGLIIHUHQWRYHUKDQJOHQJWKV
)URPWKHDQDO\VLV LW LVVHHQ WKDWD WRROKROGHUKDYLQJRYHUKDQJLQJ OHQJWKRIPPZLOOKDYH OHVVGHIOHFWLRQ ,Q
RUGHUWRDYRLGLQWHUIHUHQFHGXULQJPDFKLQLQJWKLVRYHUKDQJLQJOHQJWKFDQQRWEHUHGXFHGIXUWKHU$VWKHDFFHOHUDWLRQ
RI WKH FXWWLQJ WRRO LQFUHDVHVZLWK WKH LQFUHDVLQJ RI WKH FXWWLQJ WRRO RYHUKDQJ IRU GLIIHUHQW FXWWLQJ FRQGLWLRQV WKH
YLEUDWLRQRIFXWWLQJWRROGHSHQGV VWURQJO\RQFXWWLQJWRRORYHUKDQJ
$FNQRZOHGJHPHQW
7KHDXWKRUVDUHJUDWHIXO WR WKH6FKRRORI0HFKDQLFDO6FLHQFHV.DUXQ\D8QLYHUVLW\ IRUSURYLGLQJ WKH IDFLOLWLHV WR
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